This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



IS PAGE BLANK (uspto) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H04L 1/12, 1/20 



Al 



(11) International Publication Number: WO 98/49800 

(43) International Publication Date: 5 November 1998 (05.1 1.98) 



(21) International Application Number: PCT/SE98/00753 

(22) International Filing Date: 24 April 1998 (24.04.98) 



(30) Priority Data: 

08/846,630 



30 April 1997 (30.04.97) 



US 



(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON 

[SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventors: LABONTE, Sylvain; 380 St-Bruno de Montarville, 

Quebec J3V 2S7 (CA). TURCOTTE, Eric; 460 Abelard IB, 
Verdun, Quebec H3E IBS (CA). 

(74) Agent: ERICSSON RADIO SYSTEMS AB; Common Patent 
Dept., S-164 80 Stockholm (SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA t BB, BG, BR, 
BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK f LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU. SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR. GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ESTIMATION OF RADIO CHANNEL BIT ERROR RATE IN A DIGITAL RADIO TELECOMMUNICATIONS NETWORK 



(57) Abstract 

A system for determining when a radio telecommunications network should switch between a first grade of service and a second 
grade of service based upon a highly accurate and reliable estimate of the bit error rate BER. The system estimates (65) the BER on an 
uplink and a downlink on a user channel, and determines (66) whether the BER on the uplink and the downlink on the user channel are 
below a first set of thresholds. The system then measures the residual SFET RBER and the frame erasure rate FER on the voice channel 
uplink, and determines (74) whether the downlink BER, the uplink RBER, and the uplink FER are lower than a second set of thresholds. If 
lower, the system sends and receives a data message on a Fast Associated Control Channel (FACCH). The system obtains a highly accurate 
estimate (83) of the BER on a downlink on the FACCH channel, and reports (88) the downlink BER in a message on the FACCH channel 
uplink. The system then estimates the BER on the FACCH channel uplink. Finally, the system switches the radio telecommunications 
network from the first grade of service to the second grade of service in response to determining that the uplink and downlink BER on the 
FACCH channel are below a third set of thresholds. 



BNSDOCID: <WO 9849800A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


DB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 9849800A1 _l_> 



WO 98/49800 



PCT/SE98/00753 



-1- 

ESTIMATION OF RADIO CHANNEL BIT ERROR RATE 

IN A DIGITAL RADIO TELECOMMUNICATIONS NETWORK 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

This invention relates to radio telecommunication 
systems and, more particularly, to a system and method of 
estimating radio channel bit error rate in a digital radio 
telecommunications network . 

Description of Related Art 

In digital radio telecommunications networks, the 
quality of the transmitted signal is often expressed in 
terms of how many of the received bits are corrupted, 
leading to the expression Bit Error Rate (BER) . The BER 
indicates how many of the total number of bits are wrongly 
detected. With the introduction of data services in radio 
telecommunications networks, systems that provide two 
grades of service are being developed. A high grade of 
service utilizes high level modulation to provide higher 
service quality for data or improved voice services. A 
lower grade of service utilizes low level modulation to 
provide service quality which is adequate for traditional 
voice applications. A system and method of switching 
between one grade of service and the other is needed. 
Such a system must identify which level of service is 
being provided, assess the adequacy of the provided 
service, and if the service is not adequate, perform a 
switch between the two. In order to accomplish these 
objectives, a more accurate method of determining the BER 
is needed. 

Although there are no known prior art teachings of 
a solution to the aforementioned deficiency and 
shortcoming such as that disclosed herein, U.K. Patent 
Application Number GB 2,232,854 A (GEC-Marconi) , U.S. 
Patent Number 5,418,789 (Gersbach) , and U.S. Patent Number 
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5,406,562 (Roney) discuss subject matter that bears some 
relation to matters discussed herein. The GEC-Marconi 
patent discloses a method of assessing the quality of a 
data channel based on the processing of soft decision 
5 demodulation information. The BER may be determined more 
quickly because sampling time is reduced due to the use 
of soft decisions within a known band of levels rather 
than hard decisions which require longer sampling time. 
The GEC-Marconi patent, however, does not teach or suggest 
10 a system or method of determining the ■ BER with such 
accuracy and reliability that it can be used to determine 
when a radio telecommunications network should switch from 
a low grade of service to a high grade of service. 

The Gersbach patent discloses a system and method for 
15 rapidly estimating the bit error rate of a data signal 
which has been reconstructed from a received data signal. 
A bit error rate calculator is integrated with a nearly 
instantaneous bit error rate estimator which utilizes 
timing and amplitude degradation information. The 
20 Gersbach patent, however, does not teach or suggest a 
system or method of determining the BER with such accuracy 
and reliability that it can be used to determine when a 
radio telecommunications network should switch from a low 
grade of service to a high grade of service. 
25 The Roney patent discloses a BER estimation process 

which receives encoded data over a channel, decodes the 
data, and estimates the number of errors induced by the 
channel.. Roney discloses a method of estimating the BER 
on a Fast Associated Control Channel {FACCH) as well as 
30 the BER on the user channel. The two BER estimates are 
compared, and the difference is utilized to determine 
whether the received data is convolut ionally encoded user 
information or a FACCH message. The Roney patent, 
however, does not teach or suggest a system or method of 
35 determining when a radio telecommunications network should 
switch between one grade of service and another based upon 
a highly accurate and reliable estimate of the BER. 
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Review of each of the foregoing references reveals 
no disclosure or suggestion of a system or method such as 
that described and claimed herein. 

In order to overcome the disadvantage of existing 

5 solutions, it would be advantageous to have a system and 

method of determining when a radio telecommunications 
network should switch between one grade of service and 
another based upon a highly accurate and reliable estimate 
of the BER. The present invention provides such a system 

10 and method. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention is a system for 
determining when a radio telecommunications network should 
15 switch between a first grade of service and a second grade 

of service based upon a highly accurate and reliable 
estimate of the bit error rate (BER) . The system includes 
means for estimating the BER on an uplink and a downlink 
on a user channel, and means for determining whether the 
20 BER on the uplink and the downlink on the user channel are 

below a first threshold. The system also includes means 
for sending and receiving a data message on a Fast 
Associated Control Channel (FACCH) in response to 
determining that the BER on the uplink and the downlink 
25 on the user channel are below the first threshold. The 

system also includes means for estimating the BER on an 
uplink and a downlink on the FACCH channel, means for 
estimating a residual bit error rate (RBER) on the uplink 
on the FACCH channel, and means for estimating a frame 
30 erasure rate (FER) on the uplink on the FACCH channel. 

The system then determines whether the BER on the downlink 
on the FACCH channel is below a second threshold, whether 
the RBER on the uplink is below a third threshold, and 
whether the FER on the uplink is equal to zero. If all 
35 three conditions are met, the system switches the radio 

telecommunications network from the first grade of service 
to the second grade of service. 
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In another aspect, the present invention is a method 
of determining when a radio telecommunications network 
should switch between a first grade of service and a 
second grade of service based upon a highly accurate and 
reliable estimate of the bit error rate (BER) . The method 
begins by estimating the BER on an uplink and a downlink 
on a user channel, and determining whether the BER on the 
uplink and the downlink on the user channel are below a 
first threshold. The method then sends and receives a 
data message on a Fast Associated Control Channel ( FACCH ) 
in response to determining that the BER on the uplink and 
the downlink on the user channel are below the first 
threshold. This is followed by estimating the BER on an 
uplink and a downlink on the FACCH channel, estimating a 
residual bit error rate (RBER) on an uplink on the FACCH 
channel, and estimating a frame erasure rate (FER) on the 
uplink on the FACCH channel . The method then determines 
whether the BER on the downlink on the FACCH channel is 
below a second threshold, whether the RBER on the uplink 
is below a third threshold, and whether the FER on the 
uplink is equal to zero. This is followed by switching' 
the radio telecommunications network from said first grade 
of service to said second grade of service in response to 
determining that all three conditions are met. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and its 
numerous objects and advantages will become more apparent 
to those skilled in the art by reference to the following 
drawing, in conjunction with the accompanying 
specification, in which: 

FIG. 1 (Prior Art) is a simplified functional block 
.diagram illustrating the functions performed in an 
existing method of estimating the bit error rate (BER) in 
a radio telecommunications network; 

FIG. 2 is a graph of voice quality (VQ) and BER as 
a function of the carrier to interference (C/I) ratio for 
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a high level modulation (HLM) scheme and a low level 
modulation (LLM) scheme in the preferred embodiment of the 
present invention; 

FIG. 3 (Prior Art) is an illustrative drawing 
illustrating the number of bits and classes of bits 
encoded in a speech transmission and in a Fast Associated 
Control Channel (FACCH) message transmission; 

FIG. 4 is a functional block diagram illustrating the 
functions performed in the method of the present invention 
when estimating the BER for a speech transmission on the 
user channel; 

FIG. 5 is a functional block diagram illustrating the 
functions performed in the method of the present invention 
when estimating the BER during transmission of a FACCH 
message on the FACCH channel; and 

FIGS. 6A-6C are a flow chart illustrating the steps 
of the preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

When a radio telecommunications network is operating 
in the high grade of service, and it is detected that the 
radio channel quality is degrading, then the network must 
switch back to the lower grade of service to maintain 
voice quality. To detect that voice quality is degrading 
with the speech coder on the high rate is relatively 
simple. When a high bit error rate (BER) is measured, and 
it exceeds a predetermined threshold, then the system 
switches the network back to the lower gradie of service . 

Changing from the lower grade of service to the 
higher grade is more complicated. The network may be 
operating in a mode that is less demanding in terms of 
radio channel conditions, and the network, therefore, is 
already offering a good radio channel quality (i.e., low 
BER) . The system must decide at that time whether the 
radio channel conditions are good enough to support the 
higher grade of service in which there, is a higher level 
modulation, higher rate voice coder, etc. Thus, the 
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system must assess the quality of a good channel which has 
a low BER. Therefore, a very accurate BER measurement is 
required. 

There are advantages in changing to the higher grade 
of service. The high rate modulation supports the use of 
a high rate voice coder. The high rate voice coder 
inherently is better quality than a low rate voice coder, 
and provides excellent service. However, if the channel 
conditions degrade, the voice quality degrades very 
rapidly when utilizing the high rate voice coder. In 
those cases, the system changes to low level modulation 
with low rate voice coder which is more robust. 

Today's techniques for measuring BER are not 
sufficient to identify the low BER threshold that triggers 
the system to change to high grade service. FIG. 1 is a 
simplified functional block diagram illustrating the 
functions performed in an existing method of estimating 
the BER in a radio telecommunications network 1. A 
transmitter 2 includes an encoder 3 which takes bits of 
data (bit data ) and adds redundancy bits to form a' 
transmitted bit stream (bit transmit ) . As the encoded 
bit tr ansmit is transmitted over the user channel of a digital 
traffic channel (DTC) 4, errors are incurred. A receiver 
5 includes a detector 6, a decoder 7, and an encoder 8 
which is identical to the transmitter encoder 3. The 
detector 6 detects the ^received bit stream (bit receive ) 
which includes both correct and incorrect bits. 

The bit receive is. decoded by the decoder 7 in a process 
in which error correction is performed, and the redundancy 
bits are removed, to produce a corrected bit stream 
(bit corrected ) . The bit corrected is approximately the same as 
the bit data , with the exception of residual errors that 
could not be recovered. If it is assumed that the 

bitcorrected is equal to the bit data , and the bit corrGcted are 
applied through the encoder 8 (which is identical to the 
transmitter encoder 3), then. the output (bit encoded ) should 
be equal to bit transmit . However, because of the residual 
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errors in the bit con . ected , they are not exactly equal. The 
bitencodcd is then sent to a BER estimator 9 where bit Gncoded 
is compared to bit receive to determine the BER. Thus, an 
estimate of the bits transmitted (i.e., bit encoded ) is 
compared with the bits received to directly determine BER. 
However, this calculation is inherently flawed because the 
residual errors in the bit corrected make the estimate of 
bit tranamlt inaccurate. 

When the system identifies the BER as being low, this 
estimate must be accurate or else changing to the high 
modulation and high voice coder rate may result in a loss 
of voice quality rather than a gain. Therefore, it is 
critical that the system and method for determining the 
BER be accurate and reliable. The present invention 
provides a system and method by which very low BERs are 
accurately evaluated with a high level of confidence. 

FIG. 2 is a graph of voice quality (VQ) and bit error 
rate (BER) as a function of the carrier to interference 
(C/I) ratio for a high level modulation (HLM) scheme and 
a low level modulation . (LLM) scheme in the preferred 
embodiment of the present invention. The C/I is directly 
related to the radio channel .condition. That is, a high 
C/I indicates good radio channel, conditions while a low 
C/I indicates poor radio channel conditions. The solid 
line 11 represents BER as a function of C/I for the low 
level modulation (LLM) scheme utilizing a 8 kb/s voice 
coder (vocoder) . The dashed line 12 represents BER as a 
function of C/I for the high level modulation (HLM) scheme 
utilizing a 16 kb/s vocoder. The solid line 13 represents 
VQ as a function of C/I for the low level modulation (LLM) 
scheme utilizing a 8 kb/s voice coder (vocoder) . The 
dashed line 14 represents VQ as a function of C/I for the 
high level modulation (HLM) scheme utilizing a 16 kb/s 
vocoder . 

5 In very good channel conditions (i.e., high C/I), the 

voice quality for the high level modulation scheme is 
significantly better than the voice quality with the low 
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level modulation. In poor channel conditions (i.e., low 
C/I) , on the other hand, the voice quality for the low 
level modulation scheme is significantly better than the 
voice quality with the high level modulation. There is 
a crossover point at 15, . For system management purposes, 
it is desirable to determine when the network should 
change to the high level modulation because the C/I is to 
the right of the crossover point 15, and when the network 
should change to the low level modulation because the C/I 
is to the left of the crossover point 15. Direct 
measurements of the C/I are difficult and may be 
unreliable. Therefore, this determination is made by 
measuring the bit error rate (BER) . 

The two curves 11 and 12 show the BER as a function 
of C/I. For any given C/I, the BER is higher for the high 
level modulation than it is for the low level modulation. 
The. present invention measures BER. If the network is 
operating in low level modulation, and the BER falls below 
a threshold value (BER up ) 16, the system changes the 
network to the high level modulation. By changing to high 
level modulation, voice quality rises from point 17 to 
point 18 on the graph. BER also rises (from point 19 to 
point 21) , but this rise is acceptable since voice quality 
is better even at the higher BER. 

If the quality of the channel degrades (i.e., the C/I 
falls) , the BER follows dashed line 12 to the left from 
point 21. When the BER rises above a threshold value 
(BER down ) 22, the system changes the network to the low 
level modulation. By changing to low level modulation, 
voice quality . rises from point 23 to point 24 on the 
graph. At the same time, BER falls from point 25 to point 
26. 

Estimating the BER at BER down 22 is a relatively easy 
task because it is a high BER . The low BER at BER up 16 is 
difficult to measure because the system has to measure, a 
large number of bits for each measured error. Existing 
procedures to measure BER are not capable of providing the 
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degree of accuracy and reliability required for measuring 
BER at this level. The BER curve 11 is very flat at this 
point, and small errors in the BER measurement result in 
large differences in C/I estimates. These differences can 
impact greatly the decision to change from the ' low level 
modulation to the high level modulation. 

The present invention evaluates the BER on a Fast 
Associated Control Channel (FACCH) rather than the user 
channel of the DTC . The DTC carries both voice bits and 
data bits, but not simultaneously. The voice bits are on 
the user channel and the data bits are on the FACCH 
channel. Each slot contains 260 bits. When voice bits 
are sent, in the slot, the bits are encoded in a particular 
way. When data bits are sent (for example, when sending 
a FACCH message) , these 260 bits are encoded in a 
different way. This encoding is described in more detail 
below. The encoding for data bits is more robust than the 
encoding for voice bits, therefore, error correction is 
more effective. Since error correction is more effective, 
the bit encoded (see FIG. 1) is a more accurate estimate of 
the bits transmitted. Therefore, when the bit encoded is 
compared to bit receive to determine the BER, the 
determination is more accurate on the FACCH channel. 

FIG. 3 is an illustrative drawing illustrating the 
number of bits and classes of bits encoded in a speech 
(voice) transmission frame 31 and in a FACCH message 
(data) transmission frame 32. For the speech frame, there 
are. two classes of voice bits: Class 1 bits and Class 2 
bits. There are 77 Class 1 bits. Twelve (12) Class la 
bits 3 3 have the cyclical redundancy check (CRC) error 
detection scheme applied to them, and 6 5 class lb bits 34 
do not. The 77 Class 1 bits (and 7 CRC bits) are 
protected with a one-to-two (1/2) coder (i.e., one 
redundancy bit is added for each voice bit) . Thus, a 
total of 178 encoded Class 1 bits are transmitted. There 
are 82 Class 2 bits 35 which are not encoded (i.e., they 
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are transmitted with no error protection at all) . Thus, 
a total of 260 bits are transmitted. 

The payload 36 of the FACCH message frame 32 is 49 
bits in length. A 16 -bit CRC 37 is added to the payload 
to increase the bits to 65. All 65 bits are encoded by 
a one-to-four (1/4) coder because for every bit that goes 
into the coder, four bits come out of it. The 65 bits 
multiplied by 4 equals 260 bits transmitted over the air. 
The CRC is an error detection technique while the encoding 
is error correction coding. Thus, the signal has a much 
greater amount of redundancy to the bit stream than voice. 

The present invention, however, is intended for use 
with a voice channel, with voice bits on it. However, as 
noted above, the voice bits are less robustly encoded, 
therefore, they are more prone to errors, and the BER 
estimation on the user channel is not as accurate. 
However, BER estimation on the user channel is sufficient 
for continuous monitoring of the BER. Therefore, the 
present invention utilizes BER estimation on the user 
channel to monitor channel conditions until a more 
accurate estimation is required. 

FIG. 4 is a functional block diagram illustrating the 
functions performed in the method of the present invention 
when estimating the BER for a speech transmission on the 
user channel. The 260 bits are received at a receiver 
detector 41 and are passed to a de- interleaver 42 which 
separates class 1 bits and class 2 bits. When Class 1 
bits are received, a 1/2 decoder 43 decodes them into 77 
bits. Of those 77 Class 1 bits, only 12 Class la bits 
have the CRC error detection scheme applied to them. 
Thus, out of 159 voice bits (77 class 1 bits and 82 class 
2 bits) , the accuracy of only 12 bits is known. The 
decoded class la bits and the CRC are sent to a CRC 
decoder 44. If the CRC applied to those 12 Class la bits 
is good, then the frame is good. If there is a CRC 
discrepancy, then the frame is dropped by the CRC decoder 
4 4 as a frame error. The frame erasure rate (FER) is 
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measured over 26 frames, and is the ratio of the frames 
that did not pass the CRC check to the total number of 
frames . 

The CRC process goes in parallel with the BER 
5 estimation process. BER is calculated on every received 

frame, whether the frame is rejected by the CRC decoder 
44 or not. In other words, BER is calculated on all 
frames that were decoded - in the frames where the errors 
were all corrected by the system, and also in the frames 

10 where all the errors were not corrected by the system. 

In those, frames where the errors are not - corrected by the 
system, the bits are unreliable, and the BER that is 
calculated for those frames is not reliable. 

The decoder removes the redundancy bits and produces 

15 a corrected bit stream which is sent to a 1/2 encoder 45 

identical to the encoder utilized at the transmitter (not 
shown) . The output, which approximates the bits 
transmitted, are passed to a BER detector 46 where they 
are compared with the detected class 1 bits. Class 2 bits 

20 are passed directly from the de-interleaver 42 to a speech 

decoder 47-. Decoded class la bits and class lb bits are 
also passed to the speech decoder 4 7 from the 1/2 decoder 
43. 

The residual BER is the BER calculated on only the 
25 frames that pass the CRC check. The present invention 

monitors the BER and the residual BER. Monitoring the 
residual BER and the frame erasure rate (FER) provides a 
better, more reliable estimate of the actual BER. The 
system monitors the residual BER in parallel with the FER 
30 because residual BER only indicates the BER on the 
accepted frames. It does not indicate how many frames 
were refused. 

When channel conditions are good, the system makes 
an accurate BER estimation to determine whether the BER 
35 is at BER up 16 (FIG. 2) . This is done by interrupting the 

voice on the user channel long enough to send a short 
FACCH message over the FACCH channel and estimate the BER. 
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The FACCH message replaces voice for one or two frames 
while the system makes an accurate BER estimate. Then a 
reliable decision can be made whether to change to high 
level modulation. The FACCH message is sent on the 
5 downlink (i.e., from the base station to the mobile 
station) and orders the mobile station to report the 
number of bit errors in the FACCH message it received. 
The mobile station replies by sending a FACCH message 
containing the requested information (i.e., bit errors on 
10 the FACCH downlink) (BE F _ DL ) . The base station receives 
the message from the mobile station and determines the bit 
errors on the FACCH uplink (BE r ^ UL ) . 

FIG. 5 is a functional block diagram illustrating the 
functions performed in the method of the present invention 
15 when estimating the BER during transmission of a Fast 
Associated Control Channel (FACCH) message on the FACCH 
channel. The 260 bits are received at a receiver detector 
51. They are sent to a 1/4 decoder 52 which is matched 
to the encoder that was used at the transmitter (not 
20 shown) . The output of the decoder 52 is. a 16 bit CRC and 
4 9 bits of data. A CRC decoder 53 checks the CRC, which 
is the error detection mechanism, and ascertains whether 
the CRC still matches the 49 bits, and whether there are 
errors left in the decoded bits. If there are errors 
25 detected, there is a frame error and the CRC decoder 
discards the frame because the coding/decoding scheme did 
not manage to prevent errors. In parallel with this, the 
-4 9 decoded bits and the 16 CRC bits are sent to a 1/4 
encoder 54 identical to the one that was used in the 
30 transmitter, in order to regenerate the 260 transmitted 
bits. The regenerated bits and the detected bits are sent 
to a BER detector 55. By comparing the 260 bits that were 
detected and the 260 bits that were regenerated, the BER 
detector determines the BER. Thus, the BER comes from the 
35 BER detector 55, and the frame error rate or frame 
erasures come from the CRC decoder 53. 
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FIGS. 6A-6C are a flow chart illustrating the steps 
of the bit error rate estimation process of the preferred 
embodiment of the. present invention. In general, there 
are three levels in the estimation process . On level 1, 
5 the process monitors the BER uplink and downlink on the 

voice channel with the existing method of estimating BER. 
When the BER uplink and downlink are estimated to be lower 
than predetermined thresholds for a specified period of 
time, then the process moves to level 2. On level 2, the 

10 process measures residual BER and the frame erasure rate 
(FER) on the uplink, and if these measurements -indicate 
that there are no errors in the system, then frames are 
not dropped. The process then moves to level 3. On level 
3, a FACCH message replaces the voice and is sent over the 

15 downlink FACCH channel. An accurate estimate is then made 

of the number of bit errors on the downlink FACCH channel. 
The bit errors are then converted to a BER, and the 
downlink BER is reported by the mobile station in a FACCH 
uplink message on which the system evaluates the uplink 

20 ber: 

Referring to FIG. 6A, the level 1 process monitors 
the BER uplink and downlink on the voice channel with the 
existing method of estimating BER. The process begins at 
step 61 where a counter C x is reset to zero (0) . Counter 

25 C 1 counts, the number of times that the procedure fails to 

measure a low BER at steps 66 , 74, and 84. Counter C x 
counts up to C 1 max, which may be set, for example, at a 
value of 2 . At step 62, it is determined whether or not 
Ci < C^m^. If ^ is not less than or equal to C 1 _ MAX , then 

30 the process moves to step 63 where the process exits and 

reports a failure. The failure may be reported by a code 
indicating that an accurate low BER value could not be 
determined. If, however, it is determined at step 62 that 
C x is less than or equal to C 1MA x. then the process moves 

35 to step 64 where a timer Tj is reset to zero (0) . Timer 

T x measures the time period over which the BER is 
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monitored in level 1, and may be set to approximately 5 
seconds . 

The process then moves to step 65 where the process 
monitors the BER on the uplink (BER UL ) and the BER on the 
5 downlink (BER DL ) . At step 66, it is determined whether, or. 
not BER UL < B UL _!, and BER DL < B DL J . B ULJ and B DLJ are 
predetermined thresholds for BER on the uplink and 
downlink, respectively. If not, the process moves to step 
67 where the counter is incremented. The process then 
10 returns to step 62. If yes at step 66, the process moves 
to step 68 where it is determined whether or not timer T x 
has expired. If not, the process returns to step 65 and 
continues to monitor BER UL and BER DL . If, however, timer 
Tx has expired, the process moves .to step 71 in FIG. 6B. 
15 Referring to FIG. 6B, the level 2 process measures 

residual BER (RBER) and the frame erasure rate (FER) on 
the uplink. At step 71, a timer T 2 is reset. Timer T 2 
measures the, time period over which the RBER and the FER 
are monitored in level 2, and may be set to approximately 
20 5 seconds. At step 72, the RBER and the FER measurements 
are reset, and the process then monitors the BER on the 
" downlink, and the RBER and FER on the uplink (RBER UL and 
FEk UL ) at 73. The process then moves to step 74 where 
each of these measurements are compared to various 
25 thresholds. It is determined whether or not the BER DL < 
B DL _ 2 ; RBER UL < B UL j and FER UL = 0 . B DLJ > and B ULJ are 
predetermined thresholds "for BER on the uplink and 
downlink, respectively. If not, the process moves to step 
75 where the counter C 1 is incremented. The process then 
30 moves to step 76 where the process returns to step 62 in 
FIG. 6A. If yes at step 74, the process moves to step 77 
where it is determined whether or not timer T 2 has 
expired. If not, the process returns to step 73 and 
continues to monitor BER DL , RBER UL , and FER UL . If, however, 
35 timer T 2 has expired, the process moves to step 81 in FIG. 
6C, 
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Referring to FIG. 6C, the level 3 process makes an 
accurate estimate of the number of bit errors on the FACCH 
channel, converts the bit errors to. a BER, and reports the 
BER by the mobile station. At step 81, a FACCH counter 
5 C F is reset to zero (0) . The FAGCH counter C F counts the 

number of times that FACCH messages are sent in level 3, 
up to a maximum predetermined limit of C FMAX . At 82, a 
timer T 3 is reset to zero (0) . Timer T 3 measures the time 
interval between FACCH messages in level 3 , and may be set 
10 to expire at approximately 2 seconds. The process then 

moves to step 83 and monitors this BER DL/ RBER UL , and FER UL/ 
in other words, the BER on the downlink, and the RBER and 
FER on the uplink. The process then moves to step 84 
where each of these measurements are compared to various 
15 thresholds. It is determined whether or not the BER DL < 

B DL3 ; RBERul ,< B ULJ3 ; and FER UL = 0. If not, the process 
moves to step 85 where counter C x is incremented. The 
process then moves to step 86 where it returns to step 62 
in FIG. 6A. If yes at step 84, the process moves to step 
20 87 where it is determined whether or not timer T 3 has 

expired. If not, the process returns to step 83 and 
.continues to monitor BER DL , . RBERul, and FER UL , If, however.,., 
timer T 3 has expired, the process moves to step 88. 

At step 88, the process sends and receives a FACCH 
25 message on the FACCH channel and makes an accurate 

estimate of the bit errors on the FACCH (BE F ) on the 
uplink and the downlink. The base station sends a message 
telling the mobile station to report the number of bit 
errors in the last FACCH message it received. The mobile 
30 station replies by sending a FACCH message containing the 

requested information (i.e., bit errors on the FACCH 
downlink) (BE F DL ) . The base station receives the message 
from the mobile station and determines the bit errors on 
the FACCH uplink (BEpj^) . At step 89, the process records 
35 the largest BE F _ UL and the largest BE FDL to date. 

The process then moves to step 90 and increments the 
FACCH counter C F . At 91, the process determines whether 
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or not the number of times that FACCH messages have been 
sent in level 3 is greater than the maximum predetermined 
limit of C FMAX . If not, the process returns -to step 82. 
If, however, C F > C T _mx, the process moves to step 92 and 
5 exits and reports the largest BE FJJL and the largest BE F _ DL 
to date. 

It is thus believed that the operation and 
construction of the present invention will be apparent 
from the foregoing description. While the method, 
10 apparatus and system shown and described has been 
characterized as being preferred, it will be readily 
apparent that various changes and modifications could be 
made therein without departing from the spirit and scope 
of the invention as defined in the following claims. 

15 
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WHAT IS CLAIMED IS: 

1. A system for determining when a radio 
telecommunications network should switch between a first 
grade of service and a second grade of service based upon 
a highly accurate and reliable estimate of the bit error 
rate (BER), said system comprising: 

means for estimating the BER on an uplink and a 
downlink on a user channel ; 

means for determining whether the BER on the uplink 
and the downlink on the user channel are below a first 
threshold; 

means for sending and receiving a data message on a 
Fast Associated Control Channel (FACCH) in response to 
determining that the BER on the uplink and the downlink 
on the user channel are below the first threshold; 

means for estimating the BER on an uplink, and a 
downlink on the FACCH channel; 

means for estimating a residual bit error rate (RBER) 
on the uplink on the FACCH channel ; 

means for estimating a frame erasure rate (FER) on 
the uplink on the FACCH channel;. 

means for determining: 

whether the BER .on the downlink on the FACCH 
channel is below a second threshold; 

whether the RBER on the uplink is below a third 
threshold; and 

whether the FER on the uplink is equal to zero; 

and 

means for switching the radio telecommunications 
network from said first grade of service to said second 
grade of service in response to determining that the BER 
on the downlink on the FACCH channel is below a second 
threshold, the RBER on the uplink * is below a third 
threshold, and the FER on the uplink is equal to zero. 
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2. A method of determining when a radio 
telecommunications network should switch between a first 
grade of service and a second grade of service based upon 
a highly accurate and reliable estimate of the bit error 
5 rate (BER) , said method comprising the steps of: 

estimating the BER on an uplink and a downlink on a 
user channels- 
determining whether the BER on the uplink and the 
downlink on the user channel are below a first threshold; 
10 sending and receiving a data message on a Fast 

Associated Control Channel (FACCH) in response to 
determining that the BER on the uplink arid the downlink 
on the user channel are below the first threshold; 

estimating the BER on an uplink arid a downlink on the 
15 FACCH channel; 

estimating a residual bit error rate (RBER) on an 
uplink on the FACCH channels- 
estimating a frame erasure rate (FER) on the uplink 
on the FACCH channel; 
20 determining whether the BER on the downlink on the 

FACCH channel is below a second threshold, whether the 
RBER on the uplink is below a third threshold, and whether 
the FER on the uplink is equal to zero; and 

switching the radio telecommunications network from 
25 said first grade of service to said second grade of 
service in response to determining that the BER on the 
downlink on the FACCH channel is below a second threshold, 
the RBER on the uplink is below a third threshold, and" the 
FER on the uplink is equal to zero. 

30 

3. A method of estimating uplink and downlink bit 
error rates (BER) in a radio telecommunications network, 
said method comprising the steps of: 

monitoring the uplink and downlink BER on a voice 
35 channel; 
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determining that said uplink and downlink BER are 
lower than a first set of predetermined thresholds for a 
specified period of time; 

measuring residual BER on the voice channel uplink; 
5 measuring the frame erasure rate (FER) on the voice 

channel uplink; 

determining that the downlink BER, the . uplink 
residual BER, and the uplink FER are lower than a second 
set of predetermined thresholds for a specified period of 
10 time; 

sending- a Fast Associated Control Channel (FACCH) 
message on the FACCH channel downlink; 

estimating the number of bit errors on the FACCH 
channel downlink; 
15 . converting the number of bit errors to a downlink 

BER; 

reporting the downlink BER in a message on the FACCH 
channel uplink; and 

estimating the uplink. BER from the message received 
20 on the FACCH channel uplink. 
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